This paper studies the sensitivity in Euclidean reconstruction from an image triplet taken by an uncalibrated camera mounted on a robot arm. The idea of such a reconstruction is closely related to that proposed in 4 . In this paper, we focus on an intermediate step of the reconstruction procedure which requires estimating the screw axis that corresponds to the defective eigenvector of a 44 matrix. Hundreds of the conducted synthetic tests show that the algorithm is very sensitive to image noise and perturbations on camera motions and that if the matrix is perturbed by Gaussian noise then the reliability of the computed screw axis can be estimated.
Introduction
It is often essential for a stereo vision system to reconstruct the 3D map of an environment without any prior knowledge of the characteristics and relative geometry of the cameras. There has been much research conducted in this area 1 , and a review to all of past contributions to the literature is not possible in this short paper. In this research work we are interested in reconstructing the 3D map of objects in the workspace of an RTX robot using an uncalibrated camera mounted at the robot's wrist for object recognition. If an image triplet 3 images that is captured by the camera is such that F 12 and F 23 are identical, where F ij denotes the fundamental matrix between the i-th and j-th images, then a Euclidean reconstruction procedure similar to that proposed by Zisserman et al 4 can be applied. The sensitivity of the reconstruction procedure in the presence of image noise and perturbations of camera motion is the focus of this research. Before going into the details of our conducted sensitivity analysis, the reconstruction procedure is brie y described below: In all the cases above, a criterion for correctly selecting the eigenvector that is closest to the screw axis is essential. This is, we w ant t o c hoose an eigenvector e and thusw such that w = cos ,1 j w; w j ! min 2 where j : j denotes absolute value and : ; : denotes inner product. Since w is the eigenvector of S that corresponds to a defective eigenvalue,w orẽ should be the eigenvector corresponding to the eigenvalue that is a repeated eigenvalue of a nearby defective matrix. Such a has a large condition number, C , the de nition of which is given as see 2 for explanations: If To study the sensitivity in estimating the screw axis fromS at di erent noise levels, we set to values ranging from 0:001 to 0:05 while maintaining the mean value of k Sk 2 at 8. In each set of the experiments, the transformation matrix T E with a randomly generated rotation angle see step 4, Section 1 was rst computed. A non-singular matrix B was then randomly generated; the computation of T = BT E B ,1 and S = T , followed. The noise matrix N was then generated for a speci ed noise level andS was computed. We de ne the condition number ratio r as fol- S. However, the plot shows a general decrease of w when r increases. Empirically, this demonstrates that ifS was near a defective matrix then this defective matrix was likely to be S. Unfortunately, we h a ve not been able to provide a formal mathematics proof to support this claim. The above analysis and experiments show that a large value of r is prerequisite to a reliable estimation ofw on which the subsequent Euclidean reconstruction depend. We have simpli ed our analysis by applying perturbations directly to S from whichw is determined. In real applications, the image noise comes from the errors in the image coordinates of corresponding points, and the behaviour of the noise matrix N is not clear. Although we h a ve not investigated into this further at this stage, our analysis shows that a small r is a good indication that the estimatedw is poor.
The above procedure for computing the screw axis had been applied to many synthetic tests in which the image coordinates or camera motion were perturbed. Due to space limitation, we only outline an experiment that involves adding Gaussian noise of N0; 0:25 2 to the coordinates of corresponding points. The procedure for computing the camera matrix for Euclidean reconstruction is given in Section 1, and the fundamental matrices were computed using the method described in 3 . In Table 1 , w 5 yet the errors in focal length and image centre are quite large, and the percentage error of the aspect ratio is around 15. This result indicates that a good estimate of the fundamental matrix is essential so that optimal estimates of H 1 , and subsequently, A are also guaranteed. 
Conclusion
In this paper, we have focused on the estimation of the screw axis from a 44 defective matrix in Euclidean reconstruction. The results of our analysis indicate that if the perturbed matrix is not near a defective matrix then the estimated screw axis is not reliable. We conclude that all the steps involved in the reconstruction procedure must be optimized.
